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The petroleum industry is always evolving and improving, both in profitability and environmental             
responsibility. Jonah Energy, in Pinedale Wyoming, is on the cutting edge of that innovation. As a senior                 
design team, they asked us to specifically investigate the economic viability of different flash gas               
management solutions. 
Pinedale, Wyoming is home to the sixth largest natural gas field in the United States. As natural                 
gas is produced, condensate is produced as well. This hydrocarbon liquid is stored in tanks at atmospheric                 
conditions. As the liquid sits in the tanks, gas comes out of the solution. This is called flash gas. The most                     
common solution for managing this flash gas is to combust it in an enclosed flare. However, this is not the                    
most economic or environmentally responsible option. Jonah Energy is now looking into cutting edge              
technology to better manage this flash gas (EIA). 
The rate of condensate produced varies depending on the facility in the Jonah Field. Jonah Energy                
has roughly 100 different facilities that capture condensate at different rates. The range of rates that we                 
were asked to investigate is between 100 and 1000 barrels per day. The composition of the condensate                 
was also provided to us. The rate of flash gas produced was calculated in a program called Aspen Plus                   
and is dependent on the condensate rate. Different options for flash gas management become more               
economic as flash gas rates, market gas prices, and many other variables change. 
The first option, we considered, is to install an ​Alphabet Energy ​power generating combustor              
(PGC). This combustor is cutting edge technology and will route the flash gas into a combustor to create                  
power; this power can then be used on-site at the production facilities, lowering cost and emissions.                
However, certain flash gas rates are required to produce a sufficient amount of power. If a sufficient                 
amount of flash gas is not available, the PGC will compensate by using gas from the sales line which is                    
not economically efficient. The power generated will be used to replace pneumatic heat trace pumps with                
electric heat trace pumps.  
The second option is to continue to route the flash gas to an enclosed combustor and install a fuel                   
type natural gas powered generator (from now on simply referred to as a generator) to run electric heat                  
trace pumps. Although fuel gas is required for generator power, this is a simple option that may reduce                  
emissions and save money without the use of pneumatic pumps.  
The third option is to install a vapor recovery unit (VRU). This unit routes the flash gas through a                   
scrubber for dehydration, through a compressor for pressurization and then into the sales line. This is both                 
economically and environmentally more beneficial than combusting the gas in an enclosed flare.             
However, certain flash gas rates are required to cover the initial and maintenance cost of the VRU.  
Through our Flash Gas Management Analysis our ​objective is to recommend a flash gas              
management solution that will reduce emissions and increase capital efficiency for Jonah Energy. Our              
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PSI ​: Pounds Per Square Inch 
PSIA​: Pounds Per Square Inch Absolute 
SCADA​: Supervisory Control and Data Acquisition 
SPE​: Society of Petroleum Engineers 
TPY​: Tons Per Year 
UGRB​: Upper Green River Basin 
USD​: United States Dollar 
VOC​: Volatile Organic Compounds 
VRU​: Vapor Recovery Unit 
WBS Code​: A unique identifier assigned to each element in a Work Breakdown Structure for the 
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Our project objective is to recommend a flash gas management solution that will reduce              
emissions and increase capital efficiency for Jonah Energy. We have evaluated several installation             
options; an Alphabet Energy power generating combustor (PGC), a fuel type natural gas powered              
generator (from now on simply referred to as a generator), a vapor recovery unit (VRU), and associated                 
electric powered equipment. This analysis includes an economic analysis of the PGC, generator, and              
VRU. Along with the economic analysis we have completed a sensitivity analysis and emissions analysis.               
The sensitivity analysis determines how independent inputs impact a dependent variable. The dependent             
variable in our case is the net present value. The independent variables in our case are the initial                  
condensate flow rate, market gas price, and pneumatic pump consumption rate. The emissions analysis              
estimates the emissions possible with each option and quantifies the benefit of reducing emissions. 
Our project had seven stages: Data Collection, Laws and Regulations, Power Generating            
Combustor Economic Analysis, Generator Economic Analysis, Vapor Recovery Unit Economic Analysis,           
Sensitivity Analysis, and Emissions Analysis. Each stage was split into tasks. These tasks are outlined in                
the Project Work Breakdown Table. This plan created a reasonable scope and detailed blueprint for our                
project, allowing for smooth and efficient operation. The project plan was modified as needed for scope                
creep throughout the duration of the project.  
In stage one, Data Collection, there were seven different tasks. These tasks included obtaining a               
production facility schematic and gathering specifications for the VRU, generator, and PGC. This             
information included, purchasing costs, installation costs, and all associated operating costs. ​For example,             
with regard to the PGC, the amount of electricity produced from a certain amount of gas was determined.                  
Information on electric heat trace pumps was analyzed as well. Next, collection of Jonah Energy’s               
permitted emissions were obtained. Finally, the flash gas rate from differing condensate rates was              
determined using Aspen Plus. 
In stage two, Laws and Regulations, the laws and regulations imposed on Jonah Field were               
directly investigated through four different tasks. The first and second task of this stage were to determine                 
the federal regulations and Wyoming regulations that the project may be bound by. It is expected that the                  
project will help the company further comply with the regulations set by each level of government. The                 
third task was to determine the laws and regulations imposed on companies in the Upper Green River                 
Basin specifically. ​The fourth task was understanding Jonah Energy’s permitted emissions to build a              




Stages three, four, and five were done concurrently. These are the PGC, Generator and VRU               
Economic Analyses, where we investigated the overall financial opportunity or burden as well as the               
limitations of each option through several different tasks. The first and second tasks in these stages                
involved evaluating the initial cost of the installation of the PGC, generator, and VRU as well as                 
researching the maintenance and operating costs associated with each system. The final stage was to               
compare calculated costs to calculated cost savings and additional income associated with each option.              
This was all summarized with the net present value (NPV) for each option, as well as an automated option                   
selection tool in excel. 
The sixth stage, the Sensitivity Analysis, determines how independent inputs impact a dependent             
variable. The dependent variable in our case is the net present value. The independent variables are the                 
initial condensate flow rate, market gas price and pneumatic pump consumption rate. This detailed              
analysis found later in the report explicitly outlines the conditions required for each option to breakeven.                
The conditions outlined are the condensate flow rate, market gas price and pneumatic pump consumption.  
The final stage of our project was the Emissions Analysis. This analysis ​encompassed acquiring              
the emissions associated with each of our four potential recommendations and comparing it to the               
emissions data associated with the current technology in place. Our four potential recommendations are as               
follows; the PGC with electric pumps, the generator with electric pumps, the VRU with pneumatic               
pumps, or the VRU with a generator and electric pumps. Next we researched the current EPA permit                 
regulations pertaining to reduced emissions required to offset potential emissions from new production             
equipment and facilities. Finally, the emissions analysis quantifies the benefit of reducing emissions for              
each option in terms of emission offset needed to install a new compressor station or to build a new                   
production facility. 
The main body of this document will discuss the following topics. The project work breakdown               
structure (WBS) in which a detailed outline of the project and steps taken is laid out, along with the                   
project workflow and schedule. This document will also discuss the risk analysis, professionalism,             
engineering ethics, as well as legal considerations. Next is a review of all the data and equipment                 
associated with this project that aided in the achievement of each deliverable. You will then find a                 
discussion of the results, a recommendation to Jonah Energy, and a summary of our project. Finally, you                 
will see an ABET Outcome analysis. This analysis outlines how objectives set forth by the Senior Design                 








Myers Briggs Personality Types: (The Myers & Briggs Foundation) 
 
Tayln: ISFJ 
    Strengths: Reliable, Hard-Working, Observant and Supportive 
    Weaknesses: Shy, Take Things Too Personally, Overload Myself, Too Altruistic 
 
Josh: ISTJ 
    Strengths: Honest, Dutiful, Calm, and Practical 
    Weaknesses: Stubborn, Insensitive, Judgmental, and By the Book 
 
Luke: ESTJ 
    Strengths: Dedicated, Strong-willed, Reliable, Loyal 
    Weaknesses: Judgmental, Stubborn, Expressing Emotion, Difficult to Relax 
 
Thomas: ESTP 
    Strengths: Bold, Perceptive, Direct, Original 
    Weaknesses: Insensitive, Impatient, Unstructured, Defiant 
 
Tylynn: ENFP  
    Strengths: Curious, Observant, Excellent Communication, Enthusiastic  
    Weaknesses: Not Practical, Over-thinker, Gets Stressed, Independent to Fault 
 
With these different personalities, becoming a team has made the team stronger. One’s strengths              
has outweighed one’s weaknesses, and vice versa. We used our strengths and weaknesses effectively and               
assigned different assignments to certain team members. This allowed our team to complete vital tasks               









Oil and gas production facility projects ultimately involves tens, if not hundreds, of people in               
engineering, product procurement, construction, and the subsequent daily operation of the facility. Thus,             
the implementation of health, safety, and environmental considerations are vital to the success of              
engineering projects and can prevent negative outcomes like, harm to humans or the environment, a poor                
quality product that must be reworked, or running over the project’s budget. Any change to a process,                 
specifically one in which changes to the way hydrocarbon gas is being handled, is a significant safety                 
concern. Lack of consideration for the potential health, safety, or environmental issues, associated with a               
process change, could cause loss of human life, injuries, and damage to the environment, property and                
company reputation. As engineers working to improve the quality of life for everyone, we are not only                 
responsible for our life, but every life our designs will come in contact with. Changes to critical process                  
equipment requires that all possible risks are analyzed and that mitigations and contingencies are put in                
place for all identifiable risk factors before proceeding to make any physical changes to process critical                
equipment. 
The specific risks involved in our project are unforeseen changes concerning our economic             
model. These risks include large fluctuations in gas prices along with unforeseen costs that have not been                 
considered. The risk of changing gas prices can be mitigated with the use of hedge prices. Hedging the                  
price of gas will maintain a constant price of gas over a period of time. The risk of unforeseen and                    
unincluded costs have been mitigated by creating an adjustable program in excel that can be adjusted                
easily. For example, although maintenance costs are expected to be near zero for many of the options, we                  
have included an input that will allow Jonah Energy to adjust this cost as needed. Along with this, each                   
variable is a referenced input, indicated by a light tan color in our program. Each of these inputs can be                    
adjusted as necessary to adjust for unforeseen circumstances. This allows Jonah Energy to analyze how an                








PROFESSIONALISM AND ENGINEERING ETHICS 
 
This project demands a high level of professionalism because we are working for a company in                
the industry, Jonah Energy. This has provided us with an incredible opportunity to learn how to                
effectively communicate and efficiently work together in order to provide tangible, value-adding            
deliverables. 
As a team composed of individuals who are members of the University of Wyoming’s Society of                
Petroleum Engineers Student Chapter, we have the responsibility to uphold SPE’s expectations of             
professional and ethical conduct as stated in the SPE Code for Professional Conduct. The preamble               
concisely summarizes the twelve expectations, stating that: 
SPE professionals are to exhibit the highest standards of competency, honesty, integrity, and             
impartiality; and are fair and equitable; and accept a personal responsibility for adherence to              
applicable laws, the protection of the environment, and safeguarding the public welfare in their              
professional actions and behavior. These principles govern professional conduct in serving the            
interests of the public, clients, employers, colleagues, and the profession (“Professional Code of             
Conduct”). 
Jonah Energy has an obligation to the residents of the of Upper Green River Basin to conduct                 
ethical operations that protect the environment within and surrounding the Jonah Field. This project has               
given our team the opportunity to make a direct positive impact in the field by generating electric power                  
from flash gas and reducing emissions. For example, an onsite source of reliable power would allow                
Jonah Energy to replace their pneumatic pumps with electric pumps, increasing profit and decreasing              
emissions. Specifically, this would drastically reduce the emission of nitrogen oxides (NOx) and volatile              
organic compounds (VOC). NOx and VOC are precursors to ozone. High concentrations of ozone are               
occasionally reached in the Upper Green River Basin, which can be detrimental to the health of people,                 
wildlife, and vegetation. Reducing the amount of precursor NOx and VOC emissions would have a great                









Today, energy is absolutely essential for maintaining the health, wellness, and economic            
longevity within society. However, the production of energy comes at a price, emissions. Emission              
concerns surrounding the oil industry are becoming increasingly important. The rise of emissions around              
the globe has brought attention to the need to innovate current industry practices. Therefore it has become                 
important that each corporation contribute to assisting in minimizing emissions. Rising industry standards             
combined with the winter ozone prone Upper Green River Basin (UGRB), has pressed Jonah Energy on                
all sides to continually decrease their emissions and environmental impact. 
To help encourage emissions reduction in the United States and critical areas like the UGRB the                
EPA has implemented an emissions credit system or emissions trading system. Emissions trading was              
practiced between many other countries in the world prior to its implementation in the United States. The                 
system awards companies a certain amount of credits based on innovation that reduces emissions. Similar               
to a bank, these credits can be used in the future in order to expand or build additional facilities which will                     
produce additional emissions. In order for companies to expand, the emissions resulting from that              
expansion must be offset by the previous reduction of emissions. If a company does not have enough                 
emissions credits to meet the emissions reductions requirements, they can purchase emissions credits             
from another company. In other words, if another company has reduced more emissions than they were                
required to, they can sale their associated emissions credits to companies that were unable to meet their                 
required reduction. This system is designed to reduce emissions in our country as a whole by binding                 
companies to reduce emissions before expanding facilities. Reduction occurs because one ton of             
emissions reduced can only offset a fraction of one ton of new emissions produced. 
In conducting an economic and emissions analysis for this project we needed to assign an               
economic value to the reduced emissions. In other words, we needed to know how much money or future                  
development was associated with each unit of emissions reduced. This is no easy task and was certainly                 
one of the greatest challenges we faced. We were able to relate a reduction in emissions to potential future                   
implementation of a new equipment and facilities, as explained in our Emissions Analysis. This allowed               
us to demonstrate the increase in production required by a new compressor station or production facility                
to justify the cost of a certain flash gas management solution.  
With this system in mind it was important that we had a strong grasp of the laws, fees, and                   
regulations surrounding this project. Winter ozone is a recurring issue in the Jonah Field as well as the                  




is subjected to emissions standards implemented by the Wyoming Department of Environmental Quality.             
Annual and winter emissions inventories from minor source oil and gas facilities (including production              
sites) located in the UGRB are collected on an annual basis. Forms, Excel spreadsheets, and other                
information for reporting actual emissions from minor sources can be accessed on the DEQ’s website.               
According to the 2015 National Ambient Air Quality Standards set by the EPA, the ozone threshold is 70                  
ppb (DEQ). Additional emission standards can be seen in the Emissions Standards Summary Table              
below.  
As discussed above, this project was also bound by the standards and specs of the permit system                 
for future expansion. The two future developments that were analyzed in this project were the               
implementation of future compression stations and production facilities. Compression stations serve to            
lower the wellhead pressures in an area of the field, which results in increased production from those                 
wells. According to the DEQ’s air permit application the ratio of offset emissions to the emissions                
resulting from the implementation of the new technology is 1.1:1.00 for NOx and 1.5:1.00 for VOCs.                
Therefore, for every 1 Ton per Year (TPY) of VOCs new equipment will emit, there must be a reduction                   
somewhere else of 1.5 TPY. The application and compliance of these parameters is discussed in depth in                 
the Emissions Analysis. 
It is important that these standards are well understood by our team to ensure that our                
recommendation for flash gas management equipment complies with the set requirements. With a clear              
understanding of the laws and regulations this project will not only be successful economically and               
environmentally, but will also set up Jonah Energy for successful development in the future. 
 
TABLE 1: EMISSIONS STANDARDS SUMMARY 
Table 1 summarizes the emissions standards of concern for our analysis. 
Nitrogen Oxides (NOx) 53 parts per billion  
Ozone (O​3​)  8-hour Primary and Secondary Ambient Air Quality: 70 Parts per Billion 
Volatile Organic 
Compounds (VOC) 
VOC emissions generated from oil and gas production processing operations 
is specified pursuant to these regulations as a flare, the flare shall not exceed 








The purpose of this project, in summary, is to harness the wasted fuel that is flash gas and utilize                   
it for electricity or increased production. As explained by the Texas Commission on Environmental              
Quality, “Flash Gas Emissions occur when a liquid containing dissolved gases experiences a decrease in               
pressure. As the pressure decreases, lighter VOC compounds dissolved in the liquid are released and               
flashed,” (Texas Commission on Environmental Quality).  
In the Jonah Field, the condensate enters the tank at an average temperature of 66 degrees                
Fahrenheit and an average pressure of 239 psia. The atmospheric conditions are approximately 45 degrees               
Fahrenheit and 12 psia. Therefore, a large pressure and temperature change occurs that causes many               
different gases to come out of solution. The condensate produced in the Jonah Field yields 25 different                 
flash gas components (Jonah Energy).  
Texas Commission on Environmental Quality has specifically investigated oil companies in           
ozone nonattainment areas. In particular, the statement above is specifically speaking of the amount of               
VOCs that the area produces. This is a very similar to the Jonah Field, as the field being produced is in an                      
ozone nonattainment areal. Jonah Energy is proactively investigating solutions that will limit emissions             
that create ozone. Flash gas is generally combusted in an enclosed flare, we are considering options that                 
will utilize and displace this flash gas more effectively. These options have the potential to decrease NOx                 
and VOC emissions which will reduce wintertime ozone that is photochemically produced in the UGRB. 
One option to utilize the flash gas coming from the condensate tanks is to install a power                 
generating combustor (PGC). This thermoelectric generator works by taking flash gas from the             
condensate tank and converting this to electrical power. The PGC will convert wasted energy that is                
flared, to electrical energy. The electrical energy produced can be used to power the heat trace pumps that                  
are currently pneumatic pumps. There are several sizes of PGC that have increasing energy demands for                
increasing power generation. Power produced by the PGC at a given flow rate can be seen in Table 14                   
(Alphabet Energy) . 
Another option to utilize the flash gas coming from the condensate is to install a Vapor Recovery                 
Unit (VRU). The VRU is designed to capture gas flashing in stock tanks and returning it to the sales line.                    
This yields both increased profit from increased sales and a reduction in emissions from the lack of flaring                  
off the flash gas. The downside to installing a VRU is that they require a source of power, so a gas                     
generator must be installed as well. However, gas captured by the VRU usually overcomes the cost of the                  




Over time, the amount of condensate that is produced and seen at a given production facility will                 
decrease. Jonah Energy indicated that the appropriate decline model for field is a hyperbolic decline               
(Jonah Energy). The equation for hyperbolic decline below can be found in the Fundamental Principles of                
Reservoir Engineering textbook.  
 
EQUATION 1: HYPERBOLIC DECLINE CURVE 
 
q = qi 
(a + b  d  t)* i*
1/b  
 
In this case, “q” is the current condensate flow rate in barrels per year, “b” is the degree of                    
curvature, “d​i​” is the initial rate of decline and “t” is time in years. Jonah Energy provided the assumed                   
values of “b” and “d​i​”, which ​are .5 and .25 per year respectively. However, in order to determine if the                    
PGC or VRU is most effective under different conditions, the values of d​i ​and b could be varied in a                    
sensitivity analysis (Jonah Energy). 
It is necessary to know the amount of condensate produced in order to determine the flash gas                 
rate. In order to maintain economic feasibility, the flash gas rate must be maintained above a certain                 
value.  
Excess power generated by the PGC could be used for other facets of a production facility as                 
well. For example, the power could be used to evaporate and treat water. In this apparatus, the solids and                   
chemicals in the produced water are left at the bottom while the pure water is converted to steam. This is                    
shown in Figure 1. However, the amount of energy needed to heat 100 barrels of water at 100%                  
efficiency is approximately 1.4 megawatts and the PGC can produce 5-12.5 kilowatts of power, this use                
of the generated power is not feasible (“Technical Summary of Oil and Gas Produced Water Treatment                
Technologies”). 
Another option for power use is to use it for supervisory control and data acquisitions. This                
technology logs well activity and monitors production. While power requirements are more feasible for              
this option of power use, Jonah Energy expressed that the power generated by the PGC has not yet proven                   







FIGURE 1: EVAPORATOR  
 An evaporator schematic used  to treat produced water (“Technical Summary of Oil and Gas Produced 
























TABLE 2: PROJECT WORK BREAKDOWN 
Table 2 illustrates the work breakdown tables into three levels. Level 1 is the overall project. Level 2 is                   
the stages within the project and level 3 separates each stage into tasks. 
 
Level 1 Level 2 Level 3 
1 Flash Gas 
Management 
Analysis 
1.1  Data 
Collection 
1.1.1 Production Facility Schematic 
1.1.2 Power Generating Combustor Specifications 
1.1.3 Generator Specifications 
1.1.4 Vapor Recovery Unit Specifications 
1.1.5 Heat Trace Pump Specifications 
1.1.6 Jonah Energy Permitted Emissions 
1.1.7 Flash Gas Rates from Condensate Rates 
1.2  Laws and 
Regulations 
1.2.1 Federal Regulations 
1.2.2 Wyoming Regulations 
1.2.3 Upper Green River Basin Regulations 
1.2.4 Quantifying Jonah Energy Production Emissions 





1.3.1 Initial Cost  
1.3.2 Installation and Maintenance Cost  
1.3.3 Optimum Flash Gas Rate 




1.4.1 Initial Cost  
1.4.2 Installation and Maintenance Cost  
1.4.3 Cost Savings with No Pneumatic Pumps 




1.5.1 Initial Cost 
1.5.2 Installation and Maintenance Cost  
1.5.3 Revenue Increase from Increased Production 
1.6  Sensitivity 
Analysis 
1.6.1 Most Profitable Option Each Year 
1.6.2 Vary Specified Inputs 
1.6.3 Optimum Range for Each Option 
1.7 Emissions 
Analysis 
1.7.1 Emissions for Each Option 
1.7.2 Offset Requirement for Compressor Station 
1.7.3 Offset Requirement for Production Facility 









FIGURE 2: WORK BREAKDOWN TREE STRUCTURE 




















TABLE 3: WORK BREAKDOWN STRUCTURE DICTIONARY 




Element Name Definition 
1 1 Flash Gas Management Analysis All work together towards the goal of 
reducing emissions and increasing capital 
efficiency through the installation of Power 
Generating Combustors, Generators, Vapor 
Recovery Units and associated electric 
powered equipment. 
 
2 1.1 Data Collection The work to gather appropriate data needed 
for the Flash Gas Management Analysis. 
3 1.1.1 Production Facility Schematic Obtain a general overview of the production 
facilities and the overall structure. 
3 1.1.2 Power Generating Combustor 
Specifications 
Gather  the specifications of the Power 
Generating Combustor. 
3 1.1.3 Generator Specifications Gather  the specifications of the Generator 
to power an electric heat trace pump.  
3 1.1.4 Vapor Recovery Unit Specifications Determine the specifications of the Vapor 
Recovery Unit. 
3 1.1.5 Heat Trace Pump Specifications Determine necessary power requirements 
and fuel gas consumption. 
3 1.1.6 Jonah Energy Permitted Emissions Collect emissions data for Jonah Energy 
facilities and equipment. 
3 1.1.7 Flash Gas rates from Condensate 
Rates 
Use Aspen Plus to determine flash gas rates 
from given condensate composition and 
rates. 
2 1.2 Laws and Regulations Determine the laws and regulations 
applicable in the Jonah Field. 
3 1.2.1 Federal Regulations Obtain the regulations imposed by the 
federal government. 
3 1.2.2 Wyoming Regulations Determine the regulations imposed by the 
state of Wyoming. 
3 1.2.3 Upper Green River Basin 
Regulations 
Acquire any additional regulations imposed 
by the Upper Green River Basin, such as 
Ozone formation.. 
3 1.2.4 Quantifying Jonah Energy 
Production Emissions 
Guage emission release and possible 
reduction during production. 
2 1.3 Power Generating Combustor 
Economic Analysis 
Investigate the financial opportunity and 
limitations of the Power Generating 
Combustor. 





3 1.3.2 Installation and Maintenance Cost Determine installation and maintenance 
costs associated with the Power Generating 
Combustor. 
3 1.3.3 Optimum Flash Gas Rate Using an input of the gas heating value 
determine the optimum flash gas rate for 
the Power Generating Combustor. 
3 1.3.4 Cost Savings with No Pneumatic 
Pumps 
Determine the additional revenue without 
Pneumatic Pumps running on fuel gas.  
2 1.4 Generator Economic Analysis Evaluate if a generator running the 
pneumatic pumps is more efficient than the 
Power Generating Combustor running the 
pneumatic pumps. 
3 1.4.1 Initial Cost Evaluate the cost of purchasing or renting 
the generator. 
3 1.4.2 Installation and Maintenance Cost Determine installation and maintenance 
costs associated with the generator. 
3 1.4.3 Cost Savings with No Pneumatic 
Pumps 
Determine the additional revenue without 
Pneumatic Pumps running on fuel gas.  
2 1.5 Vapor Recovery Unit Economic 
Analysis 
Evaluate the associated costs and saving of 
the vapor recovery unit. 
3 1.5.1 Initial Cost Evaluate the cost of purchasing or renting 
the Vapor Recovery Unit. 
3 1.5.2 Installation and Maintenance Cost Determine installation and maintenance 
costs associated with the Vapor Recovery 
Unit. 
3 1.5.3 Revenue Increase from Increased 
Production 
Account for the increase in production and 
revenue from the Vapor Recovery Unit. 
3 1.6 Sensitivity Analysis Access the optimum pneumatic pump 
consumption, market gas price and 
condensate flow rate for the Power 
Generating Combustor, Generator and 
Vapor Recovery Unit.  
3 1.6.1 Most Profitable Option Each Year Create a Program to output the most 
profitable option for each year. 
3 1.6.2 Vary Specified Inputs Vary the input for pneumatic pump 
consumption, market gas price and 
condensate flow rate. 
3 1.6.3 Optimum Range for Each Option Determine the optimum inputs for the 
Power Generating Combustor, Generator 
and Vapor Recovery Unit. 
2 1.7 Emissions Analysis Evaluate the financial burden associated 
with emissions and the economic 
opportunity involved with the reduction of 
emissions.  




the Power Generating Combustor and 
Electric Pumps, the Generator and Electric 
Pumps, and the Vapor Recovery Unit and 
Pneumatic Pumps. Evaluate the 
combination of a Generator, Pneumatic 
Pumps and a Vapor Recovery Unit. 
3 1.7.2 Offset Requirement for Compressor 
Station 
Evaluate the tons of emissions per year that 
must be negated to offset the emissions 
from a new compressor station. 
3 1.7.3 Offset Requirement for Production 
Facility 
Evaluate the tons of emissions per year that 
must be negated to offset the emissions 
from a new production facility. 
3 1.7.4 Monetary Value for Reduced 
Emissions 
Determine the increase in revenue that must 
be accomplished by the new compressor or 














































DATA AND EQUIPMENT REVIEW 
 
The majority of the necessary data to complete this project was given to us by Jonah Energy. This                  
data is given in numerous tables below. From this data we were able to evaluate options for handling flash                   
gas, while reducing emissions and producing power. The power generated will be used to power electric                
heat trace pumps, which will replace the current pneumatic heat trace pumps. Heat trace pumps are used                 
to maintain the temperature of pipes and tanks exposed to extremely low temperatures by pumping               
propylene glycol along the outside of the equipment. Electric powered heat trace pumps are more               
beneficial than pneumatic heat trace pumps because pneumatic heat trace pumps emit NOx and VOC               
emissions during operation. Electric heat trace pumps use the power from the generator, greatly reducing               
the amount of emissions. Jonah Energy currently uses heat trace pumps for six months out of the year to                   
maintain an adequate surface equipment temperature. 
We evaluated the economic viability of the power generating combustor by conducting an             
analysis from given inputs and assigning a dollar value to each advantage and disadvantage.              
Additionally, we evaluated the viability of implementing a generator as another option to power electric               
heat trace pumps. Finally, we evaluated a vapor recovery unit which would be used to route flash gas                  
back to the sales line. During our overall evaluation we assessed each option separately, as well as the                  
benefits of combining more than one option. Each of these options will be discussed in further detail                 
below.  
Through research on the Wyoming Department of Environmental Quality website, we obtained            
emission regulations in the Jonah Field. We also gathered information on the emissions trading and the                
emissions credit system that Jonah must comply with. The emissions credit system regulates company's              
expansion and development based on their previous reduction of emissions. Therefore, if emissions are              
reduced at one location, they can be accredited elsewhere. Jonah Energy provided us with current               
emissions data and the costs associated with each possible option. The data presented below allowed us to                 







FIGURE 5: PRODUCTION FACILITY SCHEMATIC  
Figure 5 is a schematic of the basic design of all Jonah Energy production facilities. Three phase                 
production (condensate, gas, and water) flows from each well to the production equipment at each               
facility. The equipment illustrated below consists of a three phase separator as well as a contact tower for                  
dehydration. Separation and dehydration is required to sell gas at the required dew point specification and                
the condensate and the required basic sediment and water (BS&W) content. From the separating unit,               
condensate and water are sent to storage tanks at atmospheric conditions. Once the condensate and water                
flow into these tanks, flash gas comes off of both and flows either to a standard combustor, power                  







FIGURE 6: FLASH GAS MANAGEMENT OPTIONS 
Figure 6 demonstrates our project schematic. Our analysis includes a total of four possible              
recommendations as well as the reference case (enclosed flare and pneumatic pumps) for flash gas               
management. Each option is described below. As seen in the figure, three phase production comes from                
the wells to the central delivery point (CDP) or production facility. The product is then separated into the                  
three phases. Gas is sent to the sales line, while water and condensate are stored in tanks. In these tanks,                    
gas comes out of solution due to a drop in pressure. This is called flash gas. Each line represents the                    
movement of fluid throughout the facility. The dashed line represents flash gas flowing to each of the                 
potential options.Therefore, for clarification purposes, these options will not all be implemented at the              
same facility. Each piece of equipment that the green line is running through, represents sales gas that is                  
used to power (or aid in powering) that piece of equipment. The residual gas is flowed back to the waste                    
gas line. The yellow lines coming from the VRUs represents additional liquid that has been scrubbed out                 




The most traditional option is to combust the flash gas in an enclosed flare. This does not create                  
any additional value for the company and creates emissions. Along with this, the enclosed flare ejects a                 
valuable resource, exhaust heat. We evaluated options that provide value to Jonah Energy, beyond that of                
flaring the gas. 
The first of our options was to install a power generating combustor. This is cutting edge                
technology that attaches to ​the top of a combustor, where it captures the high-temperature exhaust heat                
and passes the heat through thermoelectric heat exchangers, generating continuous electrical power. By             
converting this heat into onsite electricity through thermoelectric processes, the PGC turns the             
combustion process into a power generating process. With a reliable source of up to 12.5 kW of                 
electricity, the need for diesel or gas powered generators is no longer required, yielding a reduction in                 
operating costs and emissions. Jonah Energy selected a 7.5 kW PGC that will provide sufficient power to                 
po​wer heat trace pumps at a production facility. The specification for the PGC selected are shown in                 
Table 7. T​his option will allow Jonah Energy to reduce emissions by replacing the pneumatic heat trace                 
pumps with electric powered heat trace pumps. The biggest disadvantage of the PGC is that it requires an                  
optimum amount of flash gas to produce the promised amount of power. If the flash gas rate drops below                   
the required rate, the PGC pulls gas from the sales line to produce power, decreasing sales. However, the                  
PGC allows the transition to zero emissions electric equipment and compliance with the EPA’s OOOO               
regulations (Alphabet Energy). 
The second option we considered was the installation of a generator which would be used to                
power electric heat trace pumps. The specifications for the generator are shown in ​Table 8. The g​enerator,                 
much like the power generator combustor both work to create power. However, the generator uses fuel                
gas to create power, while the power generator combustor uses flash gas. Although the generator uses fuel                 
gas instead of flash gas, it will still reduce emissions at the production facilities by eliminating pneumatic                 
pumps. The biggest disadvantage with this option is that flash gas must be combusted in an enclosed                 
flare. 
The third option is to install a vapor recovery unit. This unit recovers the flash gas from the                  
production tanks and compresses it into the sales line (“Frequently Asked Questions about Vapor              
Recovery Units”). This option reduces the emissions associated with combustion and increases profit by              
selling the flash gas. The VRU analyzed here can handle 100 Mcfd of flash gas, additional VRU                 
specifications are provided i​n Table 8. 
The last option we evaluated was the combination of two of the above options, the VRU and the                  




flash gas. The VRU routes the flash gas to the sales line, while the generator produces power that can be                    
used to replace pneumatic heat trace pumps with electric heat trace pumps. This option also provides a                 
reduction in emissions (see Emissions Analysis). 
Our model determines which of the options described above will provide Jonah Energy with the               







TABLE 4: CONDENSATE COMPOSITION 
 
Condensate Composition 






Propane, 2,2-Dimethyl 3.22E-4 
i-Pentane 0.03 
n-Pentane 0.03 
Butane, 2,2-Dimethyl- 1.91E-3 
Butane, 2,3-Dimethyl 0.01 
Pentane, 2-Methyl- 0.02 

























TABLE 5: FLASH GAS COMPOSITION AND HEATING VALUE 
Table 5 includes the composition of flash gas calculated in Aspen Plus and the heating value.  
 
Flash Gas Composition 






Propane, 2,2-Dimethyl 5.37E-4 
i-Pentane 0.02 
n-Pentane 0.01 
Butane, 2,2-Dimethyl- 5.38E-4 
Butane, 2,3-Dimethyl 1.44E-3 
Pentane, 2-Methyl- 3.51E-3 













Pentane, 2,2,4-Trimethyl- 5.86E-4 
 
Gross Ideal Gas Heating 














TABLE 6: ASPEN PLUS PARAMETERS 
Table 6 includes the model parameters used in Aspen Plus to obtain the flash gas rates and composition. 
 
Aspen Plus- Model Inputs 
Parameter Value Unit 
Sample Temperature 66.67 °F 
Sample Pressure 239 psia 
Tank Temperature 45 °F 
Tank Pressure 12 psia 
Tank Height 20 ft 
Tank Diameter 12 ft 
Average % Fill 50.0 % 
Max % Fill 97.5 % 
 
TABLE 7: POWER GENERATING COMBUSTOR SPECIFICATIONS  
Table 7 includes the power generating combustor specifications used in the economic model. 
 
Power Generating Combustor Specifications 
PGC Rated Power Output 7.5 kW 
PGC Optimum Flash Gas Rate 67.6 Mcfd 
PGC Purchase Cost  $     (250,000.00) USD 
PGC Installation Cost  $        (20,000.00) USD 
PGC Service Cost  $          (2,000.00) USD/Year 
 
TABLE 8: GENERATOR SPECIFICATIONS 
Table 8 includes the generator specifications used in the economic model. 
 
Generator Specifications 
Generator Rated Power Output 40 kW 
Generator Purchase Cost  $        (50,000.00) USD 
Generator Rental Cost  $          (1,500.00) USD/Month 







TABLE 9: VAPOR RECOVERY UNIT SPECIFICATIONS  
Table 9 includes the vapor recovery unit specifications used in the economic model. 
 
Vapor Recovery Unit Specifications 
VRU Capacity 100 Mcfd 
Number of Days of VRU Operation 122 Days 
VRU Efficiency 90% Percent 
VRU Purchase Cost  $     (150,000.00) USD 
VRU Installation Cost  $        (50,000.00) USD 
VRU Rental Cost Per Unit  $          (5,000.00) USD/Month 
VRU Fuel Usage Per Unit 10 Mcf/d 
 
TABLE 10: HEAT TRACE PUMP SPECIFICATIONS  
Table 10 includes the heat trace pump specifications used in the economic model. 
 
Heat Trace Pump Specifications 
Pneumatic Pump Gas Consumption 100 Mcfd 
Number of Days of Pneumatic Pump Operation 182 Days 
Single Electric Pump Purchase Cost  $        (37,000.00) USD 
Number of Pumps 1 - 
Electric Pump Installation Cost  $        (18,000.00) USD 
 
TABLE 11: JONAH ENERGY ESTIMATED EMISSIONS  
Table 11 includes the estimated emissions data for Jonah Energy. The enclosed flare and the PGC are                 
dependent on the flow rate (see Emissions Analysis). 
 
Jonah Energy Estimated Emissions ( Emissions at 180 BPD Condensate Production) 
Equipment Emissions NOx VOC 
lb/hr TPY lb/hr TPY 
Enclosed Flare 1.126 3.295 2.86E-04 1.25E-03 
Pneumatics (Pumps and Liquid Level Controllers) 0 0 0.988 4.328 
Electric Pumps 0 0 0 0 
PGC 0.32 1.40 0.86 3.78 
Generator 0.072 0.156 0.100 0.219 










TABLE 12: FLASH GAS RATES FROM CONDENSATE RATES  
Table 12 illustrates the condensate flow rates considered using a hyperbolic decline. The corresponding              
flash gas rates were determined using Aspen Plus. 
 
Flash Gas Rates From Condensate Raes 


















FLASH GAS RATE ANALYSIS 
 
Jonah Energy provided our team with the composition of condensate, the temperature and             
pressure at which that the fluid enters the stock tank, dimensions of the tank, as well as the average                   
atmospheric condition that the tank is exposed to. The flash gas rate is imperative to understand because                 
the equipment installed will rely on the rate and heating power of the flash gas. In order to determine the                    
rate of flash gas coming from the tanks, a multicomponent, thermodynamic, chemical analysis had to be                
performed. The input parameters can be seen in Table 6. The chemical composition of the flash gas can                  
be seen in Table 4.  
In order to compute the flow of flash gas from the stock tanks, each of these inputs are needed. In                    
order to perform the evaluation we utilized chemical computing software known as Aspen Plus. In Aspen                
Plus, a simulation was designed as seen in Figure 7. In this figure, a feed line leads up to the tank, and a                       
vapor line as well as a liquid line are shown leaving the tank. This illustrates the two phase separation                   
after undergoing a pressure and temperature change. The vapor line represents the flash gas and the liquid                 
line represents the remaining condensate. 
After designing the basic simulation, the chemical components are entered into the program and              
the pressures and temperatures of each line and the tank are entered. Once the simulation is run, the                  
outcome yields the vapor rate and composition. This is the flow rate of flash gas corresponding to a flow                   









FIGURE 7- ASPEN PLUS SCHEMATIC 









The objective of the economic analysis is to determine which equipment will provide Jonah              
Energy with the most cost efficient option for managing flash gas at their various central delivery points                 
spread throughout the field. We have considered everything from the purchase and rental costs,              
installation costs, and maintenance costs for each option, as seen in Table 13. Additionally, we have                
included the monetary benefits or drawbacks associated with each option. For example, increased or              
decreased gas sent to the sales line according to how much gas a given piece of equipment is consuming                   
or how much gas is being used to actuate the pneumatic pumps. Another vital set of inputs is the decline                    
parameters, b and d​i​, which define the shape of the hyperbolic curve and the decline rate, respectively. As                  
seen in Table 14, the condensate rate is a critical input, to which a 25% per year hyperbolic decline rate is                     
applied to populate the rest of the values from year two through year ten. In Table 14 the flash gas rates                     
are automatically calculated from the condensate rates (using linear interpolation) from a reference table              
generated using Aspen Plus. Furthermore, dependent upon the volume of flash gas, more than one VRU                
may be required and is denoted in the next column, as Jonah Energy has decided to use units that can                    
handle a maximum of 100 Mcfd. Market gas price is also an input, we have chosen 3.14 USD/MMBtu as                   
a current market gas price. We then inserted the average gas heating value, assuming 1500 Btu/cf. From                 
these two values we calculated a gas price in USD/Mcf to multiply by the increase in production in our                   
economic analysis. Additionally, gas properties are considered. Like the heating value and the gas              
density, which are used to determine the minimum required gas flow rate to operate the PGC at 2.5, 5, or                    


























Equation 2 below shows how the required rate of flash gas needed to power the PGC was                 
calculated. The heat required was given to us by Alphabet Energy (Alphabet Energy). 
 
EQUATION ​2​: REQUIRED FLASH GAS RATE FOR PGC    
equired F lash Gas Rate (Mcfd) 4.8 ( ) , 00, 00 7.6 McfdR =  hr
MMbtu * 1 0 0 BtuMMBtu *
1 




1 day = 6  
 
As seen in Tables 15-26 below, the outputs of the economic analysis compares all options based                
on the expected 10 year working life span of the PGC. Our reference case assumes that the production                  
facility is currently equipped with a enclosed fare to handle the flash gas coming off of the production                  
tanks and pneumatic pumps to operate heat trace pumps during the coldest six months of the year. All                  
cases shown below represent the financial benefits or drawbacks of selecting each option. Table 27 shows                





TABLE 15: PGC ECONOMIC ANALYSIS OUTPUTS YEARS 0-5 
Table 15 illustrates the outputs of the economic analysis for the PGC and electric pumps for years zero                  
through five. The row labeled “Parasitic Sales Reduction < Optimum (Mcf)” shows the amount of gas                
that is pulled from the sales line to the PGC when the flash gas rate is too low (in this scenario anything                      
less than 67.6 Mcfd) in order to meet its minimum required flow rate to produce 7.5 kW of electric                   
power. The cost of that parasitic loss is then demonstrated and considered. The row, “Sales Increase w/o                 
Pneumatics (Mcf)” shows the additional gas sales as a result of replacing pneumatic pumps with electric.                
pumps. The financial benefit of this is then demonstrated and considered. The “EARLY SUM” row               
displays a sum total of all expenses and income for the given year. “YEARLY PRESENT VALUE”                
displays the net present value of each option for the given year.  
 
 
TABLE 16: PGC ECONOMIC ANALYSIS OUTPUTS YEARS 5-10 
Table 16 illustrates the outputs of the economic analysis for the PGC and electric pumps for years five                  









TABLE 17: GENERATOR PURCHASE ECONOMIC ANALYSIS OUTPUTS YEARS 0-5 
Table 17 illustrates the outputs of the economic analysis for the generator purchase option for years zero                 
through five. “Fuel Usage (Mcf)” shows the total fuel gas consumption rate for the 65 hp (40 kW)                  
generator for the year. The cost of that gas consumption is then demonstrated and considered. The row                 
“Sales Increase w/o Pneumatics (Mcf)” shows the additional gas sales as a result of replacing pneumatic                
pumps with electric. The financial benefit of this then demonstrated and considered. The “YEARLY              
SUM” row displays a sum total of all expenses and income for the given year. The “YEARLY PRESENT                  




TABLE 18: GENERATOR PURCHASE ECONOMIC ANALYSIS OUTPUTS YEARS 5-10 
Table 18 illustrates the outputs of the economic analysis for the generator purchase option for years five                 









TABLE 19: GENERATOR RENTAL ECONOMIC ANALYSIS OUTPUTS YEARS 0-5 
Table 19 illustrates the outputs of the economic analysis for the generator rental option for years zero                 
through five. “Fuel Usage (Mcf)” shows the total fuel gas consumption rate for the 65 hp (40 kW)                  
generator for the year. The cost of that gas consumption is then demonstrated and considered. The row                 
“Sales Increase w/o Pneumatics (Mcf)” shows the additional gas sales as a result of replacing pneumatic                
pumps with electric. The financial benefit is then demonstrated and considered. The “YEARLY SUM”              
row displays a sum total of all expenses and income for the given year. The “YEARLY PRESENT                 




TABLE 20: GENERATOR RENTAL ECONOMIC ANALYSIS OUTPUTS YEARS 5-10 
Table 20 illustrates the outputs of the economic analysis for the generator rental option for years five                 









TABLE 21: VRU PURCHASE ECONOMIC ANALYSIS OUTPUTS YEARS 0-5 
Table 21 illustrates the outputs of the economic analysis for the VRU purchase option for years zero                 
through five. “VRU Production (Mcf)” shows the total additional flash gas recovered and sent back to the                 
sales line. “Fuel Usage (Mcf)” shows the total fuel gas consumption rate for the unit’s gas fired engine                  
each year. The cost of that gas consumption is then demonstrated and considered. “Additional Sales               
(USD)” shows the financial benefit of the flash gas recovered and sent back to the sales line. The                  
“YEARLY SUM” row displays a sum total of all expenses and income for the given year. The “YEARLY                  




TABLE 22: VRU PURCHASE ECONOMIC ANALYSIS OUTPUTS YEARS 5-10 
Table 22 illustrates the outputs of the economic analysis for the VRU purchase option for years five                 









TABLE 23: VRU RENTAL ECONOMIC ANALYSIS OUTPUTS YEARS 0-5 
Table 23 illustrates the outputs of the economic analysis for the VRU rental option for years zero through                  
five. “VRU Production (Mcf)” shows the total additional flash gas recovered and sent back to the sales                 
line. “Fuel Usage (Mcf)” shows the total fuel gas consumption rate for the unit’s gas fired engine each                  
year. The cost of that gas consumption is then demonstrated and considered. “Additional Sales (USD)”               
shows the financial benefit of the flash gas recovered and sent back to the sales line. The “YEARLY                  
SUM” row displays a sum total of all expenses and income for the given year. The “YEARLY                 





TABLE 24: VRU RENTAL ECONOMIC ANALYSIS OUTPUTS YEARS 5-10 
Table 24 illustrates the outputs of the economic analysis for the VRU rental option for years five through                  









TABLE 25: GENERATOR & VRU COMBINATION ECONOMIC ANALYSIS OUTPUTS YEARS 0-5 
Table 25 shows the outputs of the economic analysis for the four possible combinations of renting and                 
purchasing a generator and a VRU for years zero through five. The rows shown display the sum of                  




TABLE 26: GENERATOR & VRU COMBINATION ECONOMIC ANALYSIS OUTPUTS YEARS 5-10 
Table 26 illustrates the outputs of the economic analysis for the four possible combinations of a generator                 











TABLE 27: NPV SUMMARY 
Table 27 illustrates the NPV for each option at the specified inputs shown in Tables 13 and 14. For this                    
set of inputs, the most economic option is to rent the generator and purchase the VRU. NPV is defined                   





Net Present Value is ​the value of a sum of money now, in contrast to some future value it will 
have when it has been invested considering compound interest. More specifically, it is the difference 
between the present value of incomes less the present value of expenditures. ​In the equation below, “t” 
represents the cash flow period and “i” represents the discounting rate, which as seen in Table 13 is equal 
to 10% for the presented scenario.  
 
NET PRESENT VALUE (NPV) 












FIGURE 8: PAYBACK PERIOD GRAPH (CONSTRAINED TO ONE OPTION) 
Figure 8 illustrates the payback period for five mutually exclusive options. Payback period for an               
investment is simply defined as the amount of time it takes for cumulative returns to equal cumulative                 
costs. In other words, the payback period is the break even point in time. For this case, it is seen that the                      
VRU Rental option pays back in less than one year, but the Generator Rental option provides the most                  










FIGURE 9: PAYBACK PERIOD GRAPH (OPEN TO TWO OPTIONS) 
Figure 9 illustrates the payback period for four non-mutually exclusive options. For this case, it is seen                 
that the option to rent both the generator and the VRU pays back in less than one year, but the option to                      










The sensitivity analysis determines how independent inputs impact a dependent variable. The            
dependent variable in our case is the net present value. The independent variables in our case are the                  
initial condensate flow rate, market gas price and pneumatic pump consumption rate. Excel solver was               
used to perform the sensitivity analysis explained below. The net present value was set to zero to obtain                  
the conditions needed in order to breakeven with each option. The market gas price was left unconstrained                 
and the pneumatic pump consumption was constrained between 40 and 100 Mcfd. 
 
TABLE 28: PGC BREAKEVEN SENSITIVITY ANALYSIS 
The power generating combustor is sensitive to the market gas price and condensate flow rate. The                
analysis always maximizes pump consumption to maximize the amount of money saved without             
pneumatic pumps. Below 600 BPD of condensate the gas price is over $6.66 which is unlikely. Below                 
300 BPD, the PGC will decrease sales more than an increase in sales without pneumatic pumps. In                 











TABLE 29: GENERATOR PURCHASE AND GENERATOR RENTAL BREAKEVEN SENSITIVITY ANALYSIS 
The generator rental and purchase economics are not sensitive to condensate flow rate because electric               
heat trace pumps are run six months out of the year regardless of flow rate. This analysis determines the                   
equilibrium gas price of increased sales without pneumatic pump consumption and generator fuel gas              
consumption in order to break even with the purchase of a generator or rental of a generator. In summary,                   
at moderate pump rates and low market gas prices, the purchase or rental of the generator can break even                   










TABLE 30: VRU RENTAL AND VRU PURCHASE BREAKEVEN SENSITIVITY ANALYSIS 
The vapor recovery unit purchase and rental economics are sensitive to gas price and condensate flow                
rate. This analysis is not sensitive to pump consumption as pneumatic pump consumption is already               
assumed in our reference case and does not have an effect on the VRU economics. This VRU                 
breakeven analysis is specifically sensitive to the market gas price as the number of VRUs required at                 
different condensate flow rates changes. For the purchase of the VRU, under 300 BPD of condensate,                
and or the rental of the VRU, under 500 BPD, the gas price is over $6 which is unlikely. In summary,                     
at low pump rates and moderate market gas prices, the purchase of the vapor recovery unit can break                  
even between 300 and 1000 BPD of condensate. And at low pump rates and moderate market gas                 












TABLE 31: PURCHASE GENERATOR & PURCHASE VRU AND RENT GENERATOR & RENT VRU 
BREAKEVEN SENSITIVITY ANALYSIS 
Purchasing the generator and VRU or renting the generator and VRU economics are both sensitive to                
market gas price and condensate flow rate. This analysis will always maximize pump consumption. This               
breakeven analysis is specifically sensitive to the market gas price as the number of VRUs required at                 
different condensate flow rates changes. In summary, at high pump rates and moderate market gas prices,                









TABLE 32: RENT GENERATOR & PURCHASE VRU AND PURCHASE GENERATOR & RENT VRU 
BREAKEVEN SENSITIVITY ANALYSIS 
Renting the generator and Purchasing the VRU or Purchasing the generator and renting the VRU               
economics are both sensitive to the market gas price and condensate flow rate. This analysis always                
maximizes pump consumption. This breakeven analysis is specifically sensitive to the market gas price as               
the number of VRU required at different condensate flow rates changes. In summary, at high pump rates                 
and moderate market gas prices, the combination of the generator and VRU can break even between 100                 












The emissions analysis stage of this project was challenging and meticulous. We acquired the              
emissions data associated with the current technology in place and then calculated the emissions              
associated with each of our four potential recommendations. We then researched the current EPA permit               
regulations, offset emissions required, and lastly, established a monetary value for the reduction in              
emissions for each  potential option. 
The emissions data from the current equipment in place includes the emissions from the enclosed               
flares and pneumatic pumps. The emissions data for this equipment was obtained from the Wyoming Air                
Quality Emissions Summary form that Jonah Energy submits annually for new production facilities, these              
numbers can be seen in Table 33. It is important to note that the only pollutants that are accredited by the                     
DEQ air permit system are NOx and VOCs. Therefore, for this project these were the only emissions                 
pollutants that were analyzed (Jonah Energy).  
The next task was to determine the amount of emissions that each potential recommendation              
would emit and then compare it to the current emissions to see which method would have the largest                  
reduction. The four potential recommendations, as summarized in Figure 6, where the use of either the                
PGC & Electric Pumps, Generator & Electric Pumps, VRU & Pneumatic Pumps, or VRU with a                
Generator and Electric Pump. The emissions for the pneumatic pumps are constant based on the               
Wyoming Air Quality Emissions Summary form and returns values of 0 TPY ​for NOx and 4.328 TPY for                  
VOCs. Similarly, the emissions associated with the electric pumps is 0 for both NOx and VOCs and the                  
generator is constant as well and is calculated using the equations below. Emissions calculations for each                








GENERATOR EMISSIONS CALCULATIONS 
 
In calculating the emissions associated with the generator we used the following two equations; 
EQUATION 4 : GENERATOR NOX EMISSIONS 
 
Ox Emissions f rom Generator  5 hp 5  N yr
ton = 6 * . hp hr*
g NOx
* 1 lb453.592 g * 1day
24 hr * 1 yr
182 days
* 1 ton2000 lb  
 
Where 65 hp is the given power of the generator, 0.5 is the given emissions factor for NOx           hp hr*
g NOx         
on the compressor, and 182 days is the number of days per year that the generator is run. 
 
EQUATION 5 : GENERATOR VOC EMISSIONS 
 
OC Emissions f rom Generator  5hp 7  V yr
ton = 6 * . hp hr*
g NOx
* 1 lb453.592 g * 1day
24 hr * 1 yr
182 days
* 1 ton2000 lb  
 
Where 84 hp is the given power of the generator, 0.7 is the given emissions factor for           hp hr*
g V OCs        
VOCs on the compressor, and 182 days is the number of days per year that the generator is run (Jonah                    
Energy). 
 
VRU EMISSIONS CALCULATIONS 
 
In calculating the emissions associated with the VRU we used the following two equations given               
to us by Jonah Energy for NOx and VOCs. 
 
EQUATION 6: VRU NOX EMISSIONS 
 
Ox Emissions f rom V RU   4 hp 5  N yr
ton = 8 * . hp hr*
g NOx
* 1 lb453.592 g * 1day
24 hr * 1 yr
122 days
* 1 ton2000 lb  
 
Where 84 hp is the given power of the compressor on the VRU, 0.5 is the given emissions              hp hr*
g NOx      
factor for NOx on the compressor, and 122 days is the number of days per year that the VRU is run. 
 
EQUATION 7 : VRU VOC EMISSIONS 
 
OC Emissions f rom V RU   4 hp 7  V yr
ton = 8 * . hp hr*
g NOx
* 1 lb453.592 g * 1day
24 hr * 1 yr
122 days





Where 84 hp is the given power of the compressor on the VRU, 0.7 is the given              hp hr*
g V OCs     
emissions factor for VOCs on the compressor, and 122 days is the number of days per year that the VRU                    
is run. 
 Now, while the emissions associated with the pumps, generators, and VRU are constant             
regardless of how much gas is being produced, the emissions associated with the enclosed flare and PGC                 
are dependent on the condensate rate of the facility. Therefore, for the most accurate results we ran an                  
analysis concurrent with the economic analysis. As the condensate rate is varied in the economic analysis,                
the emissions analysis changes as well.  
 
ENCLOSED FLARE EMISSIONS CALCULATIONS 
 
Since the given emissions associated with the enclosed flare from Jonah Energy were for a               
constant flow rate of 180 BPD we took that value and unitized over 180 BPD. This number could then be                    
multiplied by any condensate rate to determine the emissions from the flare based on any array of                 
condensate rates. 
 
EQUATION 8: ENCLOSED FLARE NOX EMISSIONS 
 
Ox Emissions f rom F lare  N yr bbl*
ton day* =  180 bblday
(1.01 .14 32.2 Heating V alue 365 )* lbMMBtu * day
MScf
* Scf
Btu * 1 10 Btu* 6





This is the same equation used for the calculation of the PGC emissions however it is multiplied                 
by 1.01 to take into account that the enclosed flare has approximately 1% more emissions than the PGC.                  
In general, an enclosed flare combusts 98% of potential emissions while Alphabet Energy claims to               
combust 99% of potential emissions (Alphabet Energy). Where 0.14 is the given NOx emissions        lbMMBtu       
value from Jonah Energy, the heating value is given in the economic analysis, and 32.2 is the flash               day
Mscf    













EQUATION 9: ENCLOSED FLARE VOC EMISSIONS 
 
OC Emissions f rom F lare   V yr bbl*
ton day* =  180 bblday










Where 0.5 represents 50% of the feed going into the PGC containing VOCs, 32.2 is the              day
MScf   
flash gas flow rate calculated from 180 BPD condensate rate, 0.06425 is the average flash gas density           lbScf        
based on the Aspen Plus simulation, and .02 represents the 2% of the total VOCs that are not combusted                   
and therefore given off as emissions. After calculating this number the PGC emissions were then               
normalized over 180 as previously discussed (Jonah Energy). 
 
PGC EMISSIONS CALCULATIONS 
 
In calculating the emissions associated with the PGC we used the following two equations given               
to us by Jonah Energy for NOx and VOCs. 
 
EQUATION 10: PGC NOX EMISSIONS 
 
Ox Emissions f rom P GC 14 2.2 eating V alue 65N yr
ton = . lbMMBtu * 3 day
MScf
* H Scf
Btu * 1 10 Btu* 6
1 MMBtu * 1 ton2000 lb * 3 yr
day
 
Where 0.14 is the given NOx emissions value from Jonah Energy, the heating value is lbMMBtu               
given in the economic analysis, and 32.2 is the flash gas flow rate calculated from 180 BPD       day
MScf           
condensate rate in Aspen Plus.  
 
EQUATION 11: PGC VOC EMISSIONS 
 
OC Emissions f rom P GC  .5 2.2 06425 000 65 01V yr
ton =  * 3 day
MScf








Where 0.5 represents 50% of the feed going into the PGC containing VOCs, 32.2 is the              day
MScf   
flash gas flow rate calculated from 180 BPD condensate rate in Aspen Plus, 0.06425 is the average              lbScf     
flash gas density based on the Aspen Plus simulation, and .01 represents the 1% of the total VOCs that are                    
not combusted and therefore given off as emissions. After calculating this number the PGC emissions               




TABLE 33: EMISSIONS FOR 180 BPD CONDENSATE PRODUCTION  




TABLE 34: EMISSIONS UNITIZED OVER 180 BPD 
The following table shows the emissions values after they were distributed over 180 BPD. 
 
 
Based on the above calculations we were able to estimate the amount of emissions for each of our                  
potential recommendations and were able to graph the emissions over a 10 year period to provide a more                  
visual representation of these emissions over time. In Figure 10 below, the amount of emissions               
associated with each of the potential recommendations are shown over time. NOx is represented by solid                
lines and VOCs are represented by dashed lines. The lines are color coded based on the type of potential                   
recommendation. Aside from the reference case, the graph represents change in emissions. Therefore, the              
further away a given option is from the reference case, the more emissions it reduces. As the lines drop                   
further below the x-axis, more emissions are being reduced. Therefore, according to these graphs the               
combination of the VRU, Generator and Electric pumps reduces the most combined emissions as shown               































The next task of the emissions analysis was to determine how many emissions were required to                
offset the emissions associated with the installation of a new compression station or production facility.               
We gathered this information from air permit applications that contain emissions offset information for              
Jonah Energy from the DEQ. 
These permits stated that for the installation of a new compressor station the emissions that the                
compressor would emit had to be offset by previous reductions of emissions in another area. Specifically,                
for every 1 TPY of NOx that was emitted by the compressor, 1.1 NOx emissions had to be eliminated in                    
another area. Similarly for VOCs, for every 1 TPY of VOCs that were emitted by the compressor, 1.5                  
VOC emissions had to be eliminated in another area. Based on the horsepower and type of compressor                 
we can calculate the emissions of NOx and VOCs that result from the compressor. NOx and VOC                 
emissions identified for lean-burn engines are based on emission standards of 0.5 and 0.5 .           hp hr*
g NOx  hp hr*
g V OCs  
NOx and VOC emissions identified for rich-burn engines are based on emission standards of 0.5 and              hp hr*
g NOx  
0.7 . ​Here a lean-burn engine is defined as an engine with high air to fuel ratio, thereforehp hr*
g V OCs                  
combusting more of the pollutants resulting in less emissions. A rich-burn engine is lower air to fuel ratio                  







TABLE 35: COMPRESSOR EMISSIONS CALCULATOR  
Below is the compressor emissions calculator we developed in Excel to calculate the emissions and offset                




Another type of emissions offset calculation was done for the implementation of a production              
facility. The emissions calculation for a production facility is largely based off of the maximum estimated                
production (potentially including future wells) at the time of the application, measured in the amount of                
natural gas production per day (Mcfd) and the condensate production per day (BPD). The Jonah Energy                
Air Permit Application gave a list of wells, their production rates, and the emissions associated with those                 
rates. 
Similar to the process we performed with the enclosed flare emissions, we wanted to run an                
analysis that would accurately cover a wide range of production rates and not just those listed in the                  
permit. In order to do this we ran a multivariate regression analysis where the dependent variables were                 
NOx and VOC emissions and the independent variables were natural gas production and condensate              
production. A multivariate regression analysis works in that it provides a “simple” solution to a complex                
problem. When dealing with more than one variable it can be difficult to determine to what extent each                  
variable affects your dependent or output variable. This regressions analysis was used to determine an               
equation that estimated the NOx and VOC emissions that resulted from any given amount of natural gas                 
or condensate rate for a production facility. Below is the multivariate results for NOx and VOCs based on                  











The import concepts to note here are the R Square value, the t-statistic, and the coefficient                
estimates. The R-Squared value indicates the proportion of the variation in the dependent variable that is                
correlated with the set of independent variables. In other words, it illustrates how close the equation fit fits                  
the input values. The R squared value for NOx is .949 which is relatively high. The t-statistic indicates                  
whether or not the variable is statistically significant or double checks that there is in fact a correlation                  
between the data points. The t-statistic for NOx is 1.14 for natural gas and 5.16 for condensate also falling                   
under the statistically significant mark. Lastly, the coefficient estimates give the linear impact of the               
variables on the dependent variable or are the coefficients to be used in your equation along with the                  
intercept value. For NOx the coefficient for natural gas is 0.061 and the coefficient for condensate is                 
0.011. The following estimated equation for NOx emissions from a production facility is shown below               
(​Jablonowski). 
 
EQUATION 12: PRODUCTION FACILITY NOX EMISSIONS 
 
Ox Emissions f rom P roduction F ac.  1.733 0.061 ) 0.011  BP D) N yr
ton =  + ( * X1 day











The R squared value for VOC is .997 which is also relatively high. The t-statistic for VOC is .29                   
for natural gas and 24.1 for condensate also falling under the statistically significant mark, despite the low                 
value for natural gas. For VOCs the coefficient for natural gas is 0.015 and the coefficient for condensate                  
rate is 0.052. The following estimated equation for VOC emissions from a production facility is shown                
below. 
 
EQUATION 13: PRODUCTION FACILITY VOC EMISSIONS 
 
Ox Emissions f rom P roduction F ac.  3.77 0.015 ) 0.052  BP D) N yr
ton =  + ( * X1 day
MMcf + ( * X2  
 
TABLE 38: PRODUCTION FACILITY EMISSIONS CALCULATOR  
Below is the production facility emissions calculator we developed in Excel to calculate the emissions and                
offset emissions associated with a facility based on the equations developed above.  
 
 
It is important to note that this calculator only provides an estimated emissions analysis. When               
compared with the actual permit emissions, percent errors could range between 4% and 9%. Overall               
however, given the limited data, the estimate serves its purpose for this project and does not take away                  




The final task of the emissions analysis encompassed assigning a monetary value to each possible               
recommendation. It is in this stage of the project where we see each analysis working together to deliver                  
our recommendation. Table 39 below is one of our analysis tables from our Excel program. This table                 
demonstrated the required increased production from a new compressor station to pay for a given option                
in a certain number of years. At the top, you can select the type of compressor you want to implement and                     
then the table will generate the emissions associated with each solution and the total number of units                 
needed to offset 100% of the emissions produced from that compressor. The lower portion of the table                 
correlates with the economics analysis program. There are two user inputs here. First, the user selects the                 
year they wish to implement the compressor in correlation to the 10 year economic analysis. Cost is the                  
NPV from the economic program from the selected year, multiplied by the number of units required to                 
reach 100% of the offset emissions required. The user then inputs the additional production they expect                
from the new compressor station. Based on the price of gas, the table generates the number of years that                   
will be required to pay off the flash gas management option. In this specific table below we see that the                    
PGC does not offset enough NOx to be a viable solution since it would take 36 PGCs to cancel out the                     
emissions produced by this compressor station and would take almost 36 years to pay itself off. This                 
points us to the other options on the table and the best option would be to implement the combination of                    
VRU with the generator and electric pump. This option is the most cost effective and reduces the most                  
emissions. In our program we have also developed a similar tool to run an analysis on the installation of                   













For the given set of assumptions and parameters used in the body of this report, we recommend                 
that Jonah Energy purchase the VRU in conjunction with renting the generator. The VRU will recover the                 
flash gas coming off of the condensate tanks, while the generator provides the electric power required to                 
operate electric heat trace pumps, that will replace the pneumatic pumps currently in operation. When               
looking at the economics, this option provides the greatest NPV to the company at $840,000 over a                 
projected lifetime of ten years, as shown in Table 27. As seen in Figure 9, we project that the company’s                    
investment in this option will pay back in just under two years. As seen in Table 38 and 39, this option is                      
also beneficial from an emissions standpoint as it provides reductions of 7.5 TPY of NOx and 24.7 TPY                  
of VOC, which is enough offset emissions to install a new compression station or a production facility                 
large enough to process 15 MMcfd of gas. The implementation of this option will allow Jonah Energy to                  
further fulfill their environmental vision as described on their website to “work to reduce emissions and                










Condensate is stored in tanks at atmospheric conditions. As the liquid sits in the tanks, flash gas                 
comes out of the solution. As opposed to venting the gas, it is sent to an enclosed flared to insure that                     
minimal NOx and VOCs are emitted. However, this is not the most economic or environmentally               
responsible option. Our o​bjective was to recommend a flash gas management solution that would reduce               
emissions and increase capital efficiency for Jonah Energy. Our program determines the best flash gas               
management solution depending on several inputs including market gas price and condensate flow rate. 
The rate of condensate produced varies depending on the facility in the Jonah Field. Jonah Energy                
has roughly 100 different facilities that capture condensate at different rates. The range of rates that we                 
were asked to investigate is between 100 and 1000 barrels per day. The composition of the condensate                 
was also given to us and the rate of flash gas produced was calculated in Aspen Plus. 
We generated an interactive economic and emission model in Excel that allows Jonah Energy to               
input specific parameters which, in return, will output an option that will best fit their needs. For the given                   
set of parameters used in this report, we recommend that Jonah Energy purchase the VRU in conjunction                 
with renting the generator. This provides Jonah Energy with the most strategic option moving forward as                
it is economically and environmentally beneficial.  
Through our Flash Gas Management Analysis the overall project objective was to reduce             
emissions and increase capital efficiency through the installation of power generating combustors,            
generators, or vapor recovery units. The interactive model we created will allow Jonah Energy to make                
financially and environmentally attractive decisions, even as conditions within each production facility            
changes. We believe that we have fulfilled our objective and have aided Jonah Energy to further fulfill                 
their environmental vision as described on their website to, “work to reduce emissions and increase               
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TABLE 40: ABET OUTCOME ANALYSIS 
 
Outcome Description Section Name Page 
Number 
(c) An ability to 
design a system, 
component, or 
process to meet 
desired needs. 
- Illustrated the ability to 
create a plan, follow the plan, 
and adapt to various issues 
throughout the duration of our 
project. 
- Designed multiple 
alternatives to replace various 
components of a current 
system. 
- Designed an interactive 
program to evaluate all 
alternatives and determine the 
best option based on variable 
inputs. 
1. ​Project Work Breakdown  
2.​ Project Workflow 
3.​ Project Gantt Chart 
4.​ Data and Equipment Review 
5.​ Economic Analysis 
6.​ Sensitivity Analysis 















- Worked together to delegate 
tasks. 
- Solved problems to obtain 
deliverables. 
1.​ Team Dynamics 








- Understood the social and 
environmental impacts of 
concern. 
- Mitigated the associated 
risks. 
1. ​Risk Analysis 
2. ​Professionalism and Engineering 
Ethics 
3. ​Legal Considerations 






(f) An ability to 
communicate 
effectively 
- Worked independently and 
as a team to complete tasks.  
- Maintained constant 
communication with one 
another and Jonah Energy 
throughout the duration of our 
project. 
1.​ Executive Summary  









- Used our education and 
background knowledge 
obtained from previous 
classes and field experience to 
1. ​Risk Analysis 
2. ​Professional and Engineering 
Ethics 














- Learned Aspen Plus 
software. 
- Educated ourselves with 
regard to emissions laws and 
regulations. 
4. ​Flash Gas Rate Analysis 
5. ​Economic Analysis 
6. ​Sensitivity Analysis 





(i) A recognition 
of the need for, 
and an ability to 
engage in 
lifelong learning. 
- Conducted additional 
research to continue to 
examine other options and 
expand our knowledge. 
- Learned Aspen Plus 
software. 
- Educated ourselves with 
regard to emissions laws and 
regulations. 
1. ​Technical Research 
2. ​Data and Equipment Review 
3. ​Flash Gas Rate Analysis 








(j) A knowledge 
of contemporary 
issues. 
- Became familiar with 
current regulations for the oil 
and gas industry in the Jonah 
Field.  
- Evaluated new technology 
for flash gas management. 
1. ​Legal Considerations 
2. ​Technical Research 
3. ​Data and Equipment Review 
4.​ Emissions Analysis 
1.​ 14 
2. ​16 
3.​ 26 
4.​ 55 
 
71 
 
